Abstract-According to the spray characteristics and formation mechanism of NOx and soot of DI engine, a double-wall-jet combustion system of low compression ratio is designed and related experimental research is carried out. The results show that: The instantaneous heat release rate of double-wall-jet combustion system shows a trend of single peak. When the compression ratio is reduced, the starting point of combustion is postponed for about 2~3 ºCA, which makes the cylinder pressure greatly reduced, the cylinder combustion temperature and NOx emissions reduced ensuring the dynamic performance of the engine. The fuel consumption rate characteristics is analyzed according to the cumulative heat release rate, the percentage of total heat release, the single peak heat release rate and the indicated thermal efficiency, it shows that the fuel consumption rate is at a very low level. To reflect the advantages of the doublewall-jet combustion system, the combustion phase of the doublewall-jet engine is consistent with that of the original one, the fuel supply time is postponed for 2ºCA. The fuel consumption rate of the double-wall-jet engine is equivalence to that of the original one, the peak cylinder pressure and emissions of NOx is lower.
INTRODUCTION
A new type of double-wall-jet combustion system for diesel engine is designed [1, 2, 3, 4] . The so-called double-wall-jet combustion system means: there are directing arc and small steps on the inner surface of the combustion chamber wall, the liquid spray injected by porous injector hits on the inner surface of the combustion chamber wall, and reflected by the directing arc and the small steps, so the layered spray is achieved. Schematic diagram of the combustion chamber and mixture formation are shown in Figure 1 .
The double-wall-jet combustion system is based on the ideas of wall-guiding-spray, stratification and space distributed, so the goal of low-emission can be achieved.
FIGURE I. SCHEMATIC DIAGRAM OF THE DOUBLE-WALL-JET COMBUSTION CHAMBER AND MIXTURE FORMATION
According to the single peak heat release rate characteristics of the double-wall-jet combustion system, and combining the ideas of rapid combustion, the test research of low compression ratio and low explosion pressure for the double-wall-jet combustion system of DI engine is carried out holding the power in constant. The benefits of low explosion pressure are discussed; the tested results show that low fuel consumption can also be achieved.
II. TEST DEVICE AND METHOD
The combustion characteristics and influencing factors of distributed space Double-Wall-Jet combustion systems are tested and researched, the specific engine parameters are shown in Table 1 . The whole test is carried out on the engine bench, the test equipments and instruments are: Qidong DW250 electric eddy current dynamometer, FGA-4100 vehicle emission analyzer, FBY-3 Bosch smoke meter, AVL Indiset 620 combustion analyzer. The researched double-wall-jet combustion system is on the basis of the original engine, the shape of the combustion chamber is shown in Figure 1 . The geometric compression ratio is 16.5, the injector is of 6 holes, 0.21mm pore diameter, and 158 º nozzle angle. The injection pressure and injection timing is same as the original engine. The static injection timing is 12 º CA BTDC, the airway swirl ratio is consistent with the original engine.
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III. EXPERIMENTAL RESULTS AND ANALYSIS
The main idea of this paper is to achieve low explosion pressure combustion on the premise of power performance not changed, so to reduce the risk of reliability, but the rapid combustion is still able to be achieved, the fuel consumption rate does not deteriorate, and the goal of low emissions can also be achieved. ) and rated speed (3000r•min -1 ). It can be seen from the figure that heat release rate of many conditions has a single peak trend, that's because: The combustion at low-speed (medium and high load) and medium-speed (medium load) is premix combustion and has high combustion rate; The combustion at high-speed (high load) is diffusion combustion, but for the rapid-mixing characteristics of the double-wall-jet combustion system, the diffusion combustion is part of advanced, so the combustion duration is shortened, rapid combustion is achieved. The problem of peak heat release rate should be determined based on the amount of premixed combustion and diffusion combustion. 
B. Low Explosion Pressure Characteristics of Double-Wall-
Jet Combustion System Figure 4 shows the comparison of cylinder pressure between the double-wall-jet engine and the original engine at 2100r•min-1. 25% load of the double-wall-jet engine is expressed as "S 25% load", 25% load of the original engine is expressed as "Y 25% load", the express method of other load is same. It can be seen from the figure that the double-wall-jet combustion system has low explosion pressure, which ensures the reliability of the engine components, that's mainly because the double-wall-jet combustion system has a lower geometric compression ratio (ε=16.5). The reduced compression ratio reduces the pressure of at the end of compression, the ignition point is postponed for 3~4ºCA, the delay period is longer, the proportion of premixed combustion is increased. Figure 5 (b) shows that the peak cylinder pressure of the double-wall-jet engine respectively decreases 20.1% (25% load), 16.9% (50% load), 17.7% (75% load) and 23.5% (100% load) compared with that of the original engine. . It can be seen from the figure that the cylinder pressure of the double-wall-jet engine is lower, the ignition point is postponed, so the cylinder temperature is also decreased. Figure 6 (b) shows that the peak average cylinder temperature of the double-wall-jet engine respectively is 1349K (25% load), 1511K (50% load), 1650K (75% load) and 1706K (100% load). The cylinder temperature is decreased, so the NOx emission is decreased as shown in Figure 7 (b). The soot emission is slightly increased, that's because: The original engine has a higher compression ratio, so the oxidation of soot in late combustion is enhanced; for the double-wall-jet engine, the oxidation of soot is weakened with the piston downward (the combustion temperature decreases) and the film on the chamber wall can not be quickly evaporated, so more soot is produced. Figure 8 (a) shows that the fuel consumption rate of the double-wall-jet engine (the compression ratio is lower) is almost same as that of original engine (the compression ratio is higher). . It can be seen from the figure that the ignition point of the double-wall-jet combustion system is postponed for about 3ºCA. Figure 9 shows the crank angle corresponding with the cumulative heat release of the double-wall-jet engine and the original engine at 2100r.min -1 . The crank angles corresponding with 10%, 30%, 50%, 70% and 90% cumulative heat release are respectively expressed as θ10, θ30, θ50, θ70 and θ90, θ0 represents the starting point. 
2) Percentage of cumulative heat release
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25% load: θ50-θ0 of the double-wall-jet engine is less than that of the original engine; θ70-θ0 of the double-wall-jet engine is almost the same as that of the original engine, and the combustion becomes very slow when the cumulative heat release is more than 70%. 50% load: θ30-θ0 of the double-wall-jet engine is less than that of the original engine; θ50-θ0 of the double-wall-jet engine is same as that of the original engine.
75% load: θ30-θ0 of the double-wall-jet engine is same as that of the original engine.
100% load: combustion rate of the double-wall-jet engine is lower than that of the original engine.
It can be seen that the initial combustion rate of the doublewall-jet engine is very high, but becomes slow with the combustion continuing. This is mainly due to the pure premix combustion at small load and rapid-mixing characteristics of the double-wall-jet combustion system. The cylinder volume of the double-wall-jet engine is bigger than that of the original engine, and the ignition point is postponed, so the cylinder temperature of the double-wall-jet engine is lower, the combustion rate is reduced. As the load increases, the duration of fuel injection is extended, the injected fuel increases, the oil film on the wall increases and can not absorb enough heat to evaporate quickly, which also leads to the combustion rate reduced.
3) Indicated thermal efficiency
Indicated thermal efficiency is divided into total indicated thermal efficiency and pure indicated thermal efficiency. When the load increases, the combustion rate in the postcombustion is reduced, energy efficiency is relatively worse, so the indicated thermal efficiency of the double-wall-jet engine is lower than that of the original engine in large load.
4) Single peak heat release rate
It can be seen form Figure 3 that the double-wall-jet combustion system shows a feature of single peak heat release rate in a number of conditions which has been explained before. (1) According to the spray characteristics and formation mechanism of NOx and soot of DI engine, a double-wall-jet combustion system is designed. The double-wall-jet combustion system has lower geometric compression ratio and single peak heat release rate characteristics.
(2) The low-compression-ratio double-wall-jet combustion system achieves low explosion pressure, low combustion temperature and low NOx emission without power performance not reduced.
(3) The low-explosion combustion is achieved; the fuel consumption rate is analyzed based on such parameters as cumulative heat release rate, percentage of total heat release, a single peak heat release rate and the indicated thermal efficiency. 
